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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

2. Description of the Related Art 

Time Interval Analyzer) ^M^^-fJ^l^^ (frequency counter) 

(fluctuation) % t h r/^i^^^W (histogram analysis) i D ffl^i- 

Tii, fcirx.f^, Wavecrest Corp., Jitter Analysis Clock Solutions, 
1998 J::|S^^tT,XV^5. 



SUMMARY OP THE INVENTION 

Therefore, it xs an object of the present invention to provide 
a clock skew measuring apparatus and method which overcomes the 
5 above issues in the related art. This object is achieved by 
combinations described in the independent claims . The dependent 
claims define further advantageotis and exemplary combinations of 
the present invention. 

10 t^ihu :*;i§s^©m 1 (Dmm\^i:fiifs mmmm^m m^<r^mii^^ p 

^^tiyi7^WmU^=?- (element) t, m^m\^KXti^MWm^ 
'^^.—(D^^MM^^ (random cort^onent) t:W^hXi>X^\ 
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9 A % y^t (r>9A % y^mm^t tib6i'-(^ ymmm^^^t.mm94 % 

20 ifiB^ >f $ y^m^^mx, msmm^ii-^^m^ y ^rimm^-^^ vxm 
^^omc^(D'^^^^^"^4 5 yyi^^\^nmmmL^m^y'-9(o^^})^ 

25 

band-pass filter) 
30 m^^WMWM^^ Hilbert &.VK^^^<r> Hilbert ^^>ft^:^J^t-§ 



Hilbert^^^^ (Hilbert transformer) 
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10 

ny^ ' 7.^=u~<r>yfimW:^^MMhx%ii\^. 
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y-fh, mw.^^mm^^-'^ Hilbert g^^t. WlEWJ^iJ^ayi^^ft^*^ 
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tiJ tfc^ i: -§i5fim bM» !9 ^■tT.J- y ^ i: , ^Ol^ 9 m ^ tlfc 

20 

25 This sumTRary of the invention does not necessarily describe 

all necessary features so that the invention may also be a 
sub- combination of these described feattires. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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(Figure 1 ClockSkewMeasurementusingTime-lnterval Analyzer. 

) 

5 (Figure 2A Clock Distribution Network.) 

[^2Bj ^'tiy^ ' ^^^-<o^^ K:yi^^m^m^^'rmx^h^. 

(Figure 2B Timing Analysis for Clock Skew.) 

(Figure 3 A Clock Skew Measurement Circuit.) 
10 [134 1 :m^<Di/ ny^ ' ^=^r^-^II^I5lj^S^^J5lJ©-M^^•f 0T*fcS. 
(Figure 4 Another Clock Skew Measurement Circuit.) 

(Figure 5A Clock Distribution Network.) 

15 (Figure SB Timing Analysis for Clock Skew.) 

[He Al u y ^1^^ CLKj COiJ'^ 5: i^i/ ■ i>y ^ [n] (^J-fJ^^ 

(Figure 6A Timing Jitter /iip^ [n] of the CLKj.) 

[lli6Bl "m:^^ ^v^m^ ^:ui^<0^ 4 * 'yy^ A(p^ [n] 0-^SJ;g:^ 

20 -fw^h^. 

(Figure 6B Timing Jitter Aip^'En] of the CLKk.) 
\mi\mi:^^xiyi; . ^9-y{V^\,<>i^xiy^Sm.^vVV-^^f^^mc 

(Figure 7 Clock Distribution Network with Different Clock 
25 Domains . ) 

( Figure 8 Clock Skew Measurement using Frequency 
Multiplication by Modulo M; M = 2.) 
30 [^ 9 ) W^if 13 y^m^a^-m^^-fW^h^. 
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(Figure 9 A Clock Signal x(t) .) 

(mi oj M^^fhf:im^m^(D-mt:^'tm-r^h^. 

(Figure 10 The Analytic Signal 2(t).) 

1^1 1] ^MmMtrh^wmm^^o-m^^-tmx-h^. 

5 (Figure 11 The Discontinuous Instantaneous Phase (p(t).) 
(Figure 12 The Unwrapped Instantaneous Phase <p(t).) 
(Figure 13 A Digitized Clock Signal x(t) .) 

10 10 1 4 1 FPT J; ►) X hfitcm^^iB-n-<omW<r7-:^-<^ h/i^<D-m^^ 

(Figure 14 Both- Sides Power Spectra of the Clock Signal X{f ) , 

) 

[0151 ^i^M^titij^m^^"?-:^^^ h/><D-m^^tmxh^. 

15 (Figure 15 Band-passed Power Spectra of the Clock Sxgnal Z (f ) . 
) 

(Figure 16 The Band-passed Analytic Signal z(t).) 

(Figure 17 A Clock Signal x(t).) 

[0181 ^ii^^^iyj^m-^omfiw^-co-mt^^-rmxh^. 

(Figure 18 An Analytic Signal z(t) of the Clock Signal x(t) . 

) 

(Figure 19 The Instantaneous Phase q)(t).) 

[0201 mm^^ n y^is-^ommmsm=^m^<D-M^^-tmxh^. 

(Figure 20 The Instantaneous Phase Noise A<p(t).) 
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(Figure 21 Timing Jitter Aq> [n] .) 

(Pigiire 22 Adaptive Zero-crossing Points Approxiraation.) 
[0231 m^^t^>oWM^^ ^ yi:^m^<D-'m^mtm-^h^. 
(Figure 23 Clock Signal with AM Components.) 

[112 4] iMm^^%tc^£^^WMM^^'yi^B^<0-m^^i-MX'hh. 

(Figure 24 Clock Signal without AM Conponents.) 

[02 51 » 7.^=..-m^mM.(omf&<o-m^^irmx*h^. 

(Figure 25 A Clock Skew Measurement Apparatus.) 

(Figure 26 A Clock Skew Measurement Method.) 

(Figure 27 Another Clock Skew Measurement Method.) 

(Figure 28 A Timing Estimator.) 

(Figure 29 A Timing Estimation Method.) 

(Figure 30 An Analytic Signal Transformer.) 

(Figure 31 An Analytic Signal Transformation Method.) 

[03 21 :^mo^tjy^ ' 7^^^-m^mw:x%hi^^ti^mf9^^^ 

(Figure 32 Another Analytic Signal Transformer.) 
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[03 3] ^mm^n-y^ .:^^=,-m^:^mx^i>ib\,^{^hmm^m 

(Figure 33 Another Analytic Signal Transformation Method. 

) 

(Figure 34 Another Analytic Signal Transformer.) 

fj(cjgiJ(D-M«rjr1-7a-f^^- hxh6. 
(Figure 35 Another Analytic Signal Transformation Method. 

) 

mxh^. 

(Figure 36 Another Clock Skew Measurement Apparatus.) 

(Figure 37 Another Clock Skew Measurement Method.) 
^^—hX'h^. 

(Figure 38 Another Clock Skew Measurement Method.) 

(Figure 39 Another Clock Skew Measurement Apparatus.) 

(Figure 40 Another Clock Skew Measurement Method.) 
'^^—hXh^. 

(Figure 41 Another Clock Skew Measurement Method.) 
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(Figure 42 Another Timing Jitter Estimator.) 

(Figure 43 Another Timing Jitter Estimating Method.) 

(Figure 44 A Clock Skew Testing System.) 

DETAILED DESCRIPTI(»I OP THE INVBIJTION 

The invention will now be described based on the preferred 
erribodiraentB, which do not intend to limit the scope of the present 
invention, but exenplify the invention. All of the features smd 
the combinations thereof described in the exnbodiment are not 
necessarily essential to the invention. 



^pyjy 'T.^o.^m^m (1) 

^101-, iJ'cty^*;^^;!.— toVN-C^il-f :i^13-j/i5' •;^^c3.>-(clockskew 
) fl, HI 2 Aic^i-J; 5 1-^}:X.n.^riy^^W.^^y\-V-^ (dock 
distribution network) ®^ a S^^-^-^J^ (clock source) CLKgSrS^ir 
LT. :9-iB^ D WCLKj h CLKk^^^tL-Ptll^v^;^^ h Rfc'^Piai--5^-C 

t^cdi> t'^cdi 



^cd 'erf 'erf 



(2) 



^-r/V^yu^i- (multiplexer) ^h'^^^X^B'^ n y ^ ^mUl'X=^y:f 

■^^-W^mmit. ^^U^ n y QUY^, CLKkilrtB;titV}^|fei9ffi1-fra6(D/<y7 
rh, ^■!i^U^uy^:^^^^'f^'^;v^yu^'^^-^^. ^^yyylt. ^UA:hB 
^ (ENB^f^) i^X-oX^r V y^m-^-^tiiti\z^mir6ib^f)^^m^'t:^::iti!>^X' 

:^mmm<D^ ny^ - :^^=^>-m^:f7mt. mm^s-^t lxme^^ ^y^<D 

^^y^ \t^U CLKg y t ENB t> -fc, V ^ 5 . ENB i CLKg 

\tW^\,X\^'^<OX, m&^^(n>^y'-^-^y[%:y-^t^ t ^^(DtL%iLiP^i)^ 

^'^-t%,=d^ (4) 
Zmz., :^MMl^m<Di7^y^ •^'^^-SO^i^fefi. ^/vf^T'i^^f-og^^-ft-^ 
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^ SEL = 0 ^ LT CLKj trS^t, ENB ft-§'<^3: 5. • $ >^km:tlif>\Z 

^ (4) Sr^)tJV^^:te•r5^, 

^t^. ^ (1), (2), (3) Dj,i:D5(^M«: 



J 



Tj^=ip,-Dj)+(d,-dj) (8) 
fc*5V^T MEAS ^"#Sr 1 tfcJbtllT? ENB ^"^Ir^i^S ^ ^ J: !? , ENB ft-^ 

;5sga^ Pj ^fctt Pk^aoTaj;^if> OUT ^, Dk'^^^^ix 

I>f = (f^+daof + dj +douT)-C =<^«ar *dj 

Dr-Dr'^d.-dj 
. 20 

OV^XSEPJ-t^. CI 5^^. 7. (deterministic 

component) t^M^ii^^^ (random component) ^'ht^^^t'^^'^^^. 

25 




o^uy ^m-^m. cLKg ^&mt hx. o v cucj t cuc^ t^^Mti 

rt,^T)^'^U»^)-^U»T) (9) 

ted. t'^cd'^'^S. ^fe, ^r^' C 5/ ^f5-§- CLKg, CLKj, CLKjc^DS^^Oj^ 

) ^^M'ti (nT)g, (nT)j, (nx),: artS ^-f-Y rJ^/i'OSixl^PII T^^diT) 

'tif(«2")=/i(«^)-c(''7') 

[seel (10) 

= b(«?')-("4]-b(«r)-(«r)jH.|[«rX -(«r)J 

Isec] (11) 

T*iSo.=(«^)i-(«2'), [seel (12) 



[seel (13) 



ift^^ y^m^rU CLKg (Dmm.^ riy^ ' :JLy^y . ^ > ^'fii(Dmfii^-^h 9 

A(p^[n] (Tg/2n. (= tScddxT) - (nT)a), V [nl (Tj/2n. (=t'cd(nT) - (nT), 
), Atp'^En] (Tk/2n. (= t'^ci(nT) - {nT)k) li, ^iveiXi5^ n j^^^^i-g- cLKg, 

y^^^<D^y(^vif'^jyd'(Dm.t.i3mz-^\^x\t%'^mm'rh. ^ do) ^ 

i^jm, (1 1) (9) ^f^A-r^^, CLKji3j:U^CLKkF^Oi5'n5'jJ^ .p^:^^ 

-jxSL.[Ar[«g)-A^1«g)]] [.ec3 (14) 

(1 4) (Dmim 

^iL = M,-{nT)j tsec] (15) 

it, CLKj *5itJ« CLK), ©m^:^' ti y ^ (D±%±i)i ^:^yi^' ^ y^OM'^h ^ 



IB 



xjif)= Aj cos(4.^(?))= A, COS + - A(}.'"(f) 



(16) 



*»(f)=^,cos(<i.*(0)-4cos[^|^/ + «t»J-A,j,*(/)j 



(17) 



l^^^A<p^(t) (L = j, k) 0?PT'^$tl5. 
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[rad] 



(18) 



[rad] 



(19) 



15 



J 



[rad] 



[rad] 



(20) 



(21) 



, (nT)fc«:, &a(Dy=TP^4:tSdS;eHm (2nn - n/2) i J^cCS^^jTfe 
, ^ (2 0) (2 1) ;&^5)J2iT©gC^t:'feo. 



[sec] (2 2) 



(nil =^2m~-^lj^ [sec] (2 3) 

hiti^-oX. ^ (1 5) it), m^^^oy^-:;^^^^^ 
^iL-{nT\-{nr). 




[sec] (2 4) 



x^6. 



/h-^fefciSiitllji^ (linear line fitting) J^^S^/ioT. 

tkk)-(&,k+h)J (2 5) 

Jfc*l 

2{2N+l)£^{k)-6f^^{k) 
W^) <26) 



(^S:$:1^^ i^JS^^lJlfc V ^ J; § n (cosine wave 



2G 



fitting) ^^or-J^^oT, 



(27) 



a^M.fhtts^'b^bti^g^, ^ItW^ (maximuTa likelihood estimation) 

5 



9q s -arctan 



(^\ ■ ^Tt,"! 



(28) 



=fe -^l)^+n,jrs«7o isecj (2 9) 

W^^-t^ i 0: !3 S . ±15^5^ uy-^ 'n^y ^J(n>:^v± ^ S noffs« \t 



:^)^ t> fcfc ;t iXy^ •r A • ^ D 5, clKg ^ m m^M^L, ^nyir cLKj i: CLi^ 

) iiS^^^lifc:^ n s; cLKj lr^L-CV^§. 2/:^xA • n 5/^^ clKsO Ae [i] 
[rad] it, ^ (7)31 y i/OWM^ n y ^ • 31 y ^ O ^ * y ^^-t . Lfc 
ZJSoT, 08 (b) {C^1-j:5{CM^fc3i#t^ta3B^Dy^(^3iys;:|:IK;tt, 
otle: A© [1] ^ M-i m=i , Ae [Ln/Mj] <!: A<p^ [n] 1 ^ 1 ^ti*: § 

. r^T% Lxjft, x^Hx.^£V^S::^co«^^-r. ^ (14) ^^>ifc,v^l:. clk. 




[sec] (3 0) 



CLKj t CLKg f^<D^^^^ Xiy^-:^^^ ^fflt^i, fi, CLKj (D^^^ Uy^^zc 
y^J {.nm)^h'iy7.T~i^'^tiy^QJSi:^<r)M%C^ny^'nLy>y (xm)(sh(Of^<D 

mmxhhi^^fi, ^i7uy j^^t^(DWI£1=S:^d>b^^T'b b^^^b i)^X'^ 
tSi,=(«A/r),-(«Mr)^ 

:i i r% ^^y^ CLKj f^iX^^'T A • D 5/ CLK^ ^ M ^{^l^if^ Lf- n y ^ X'h 

otX ^*^^^>'^5'fi^CLKR^^J^^^r:9•Sa^^5';^^ CLKj, CLKgr^cD^n 
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5/ ^ ^ ^ ^ >- ^ a ^« t o V ^ Tia?at-5 . 

timic, cLKj t <:LKR<D^tmm-tyyv y^rv, ^(14) ^rt^v^xcLK^ 




[sec] (3 2) 



2'iiW=tS^+[A**[«(^]-A<^*[«j^^jj fsecJ (3 3) 

rit[»hTZlnhT^[n] 

[sec] (3 4) 

t3 5, . it miC, CLKj t 

20 V';^XA . iJ'Cy^ CLKg^miJ-i^yy V^^U ^ (3 0) $rt)*)V^r CLKj ^ 
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(35) 



CLKk i: CLKgO;^:^^.— 



A® 



2n) 



[sec] 



(36) 



[sec] 



(3 7) 



[sec] 



(3 8) 



^<^M;^. «*IW(^i5'n5'iJ' .y^^^^SiJ^;^^fett, if^^^^^^yT'l^T^J-IB 
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■5. 



^fi-§-trfe-fe.V^feP^feffi (instantaneous phase) jt^^ 
^fl-§-x(t)CO^ff-§- (analytic signal) z(t)tt, ^SCt^^^fg-^-'t'^a 

r r T'. j fi*|^^^T-fe 9 . mm^^- z (t) (imaginary part) x(t) 

itM^M (real part) x(t) O Hilbert ^ife (Hilbert transform) Xh6 

Mt)^H[xit)]^:^^^dr (4 0) 

^ZX% x(t)Hfemx(t) (l/nf) i-fit^ii,, Hilbert^ 

Wm% X (t) (^mnmrnm <p (t) z (t) ^v^t ^ ^6 



25 



j^(r)=tan' 



Ml 



(41) 



o^ic, Hiibert ^^t:1)'fev>TI^^*aSr*t;t1--5T/i/=fDXAt::oVN-c^ 



;t(0=^cosj^|^/+(i)o-A((.(r)j 



(4 2) 



(4 3) 



2(0 » jc(r) + jx{t) = ^ cos + (|>a - A(t>(r) I + jAsin 



(44) 



1) Srt>-feV^T{£ffilil^(p(t)lrii^-r-5. 



<i>(0=[|r^+<l'o-A<|>(0 



[rad] 



(45) 



rrt?, tp(t)fi, -n ;6^b+n (D^ffi«ffiOiflt (principal value) ^tife 
unwrapping) (-r?fe*?-^. cp (t) {C 2n COMiCft^S^fCilD;^^) ::i}::J;*P 



^t) = f-t + ^„- A^t) [rad] (46) 

Mis^i^bM^it^^O^^lt. ^'^y-V:^^m (Past Fourier 
Transformation) ?lr%-tV^fcr v'^/Vff'i-MatClJ: ^^T^ 5. 

i!^ h;i'X(f)%El 4{';^i-. of 1:1, h/v X(f)0]E(^TOM^'-(C*3tt 

o^'lc, :^^Jfe?^lio^ciy^ .;^^a-j||^;6r^T-fe-fev^e);}xS^-f ^y^- 
v^'y^?(OJ^eV^^tiy^{t-^{j[, M^M^W (fundamental frequency) fo^ 

%-o:^JfM (square wave) X*h^. ^(Dis-^d, Fourier ^S^tt J: oT^M 

fo, 3fo, 5fo, (harmonics) 
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y ilr ^ D ^ jf^ mmt.it^) <D^:^i-4 (fundamental 
sinusoidal wave) m^tt, MiS^A, ^:¥-mM^1o t-^^ t. 



^2n ^ 



(4 7) 



\'^mM^^-y'>m^0>n^M\z.M^s-t^) 2nt/To + (p ^o^. i-^Uhlo, P 
(Punear (t) (T^^^^-lrff-^t 6 J: «^^t^co^^{4tB^# A<p (t) ^ t 

-l?§^NNa*i$t^^?^ A<p (t) ^rf- V:/ L, -^ta n . iJf ^ $ ^^j/ nTo (wfe 



28 

5 ^ft-§-©Mi|g^iS (amplitude modulation, AM) ^^n^^^'^ V 

(phase modulation, PM) ^^(iy3i^^'^^:L}L\C^^ , ^-f 5 

15 , •ircri5'a;^C01-'-</l-t tX 50%l/^/KOfs-^jiVso*^^ai-r^. O^^fC. x(t) 

(D^m^^-^yy^^mt soit-^/v v5o*ioM (x(j-i)-v5o*). (x(j)-vso» 

) ^t5^46. ^btJlitlbf^^ (x(j-l)-V5o») X (x{j).Vso*) ^ff^-rS. x{t) 

x(j-i)-V5o»), (x(j)-V5ot) C0^-^;J>:*;6^^jE, * fc t A ^''^S;!)^?), fifj 

(/>^^J'fc(t51^>y/W(l (x(j-i)-V5(,J, (x(j)-V5o*) (DmMU<D/b^\>^^o 
(D^M j -1 * fctt j n ^ u :;^At LXh t^htl^. HI 2 2 ic, 

25 

, 1) -fB-^OffilrftTO (multiply by a constant) U, 2) fef);i*Ci6^ 
30 i?)^U#VN (threshold) ffll i VNft-^fitt V^ffil i a t^;i, 3) 
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fiK^%t>oTV^5 ^ n y ^^^-^m 2 3 ir^l". WWO^^^ (envelope) 

77 101 mi(om^'^^uyi^i^^-^'mx^x^-n^'^, ^^y^^^mi 
xti SEL t>oiJ' B yi^mwmm^ 102 . jt-siSf^g^iHiigfcA;^ $ ti^s* 

o■c^J&x^^vxv^-5. ^4 ^yifmM^^<o^i^mmm^'o\,^xtmxi&^^. 
30 o#*{c, ^mw}^m(o^^ ny^ > ^^^^^-M'^mm: loo tn^siisfs^ 



yT" 201 {C*5^^T, ^ O y^ff 102 (fmSO^^ SEL K "O" ^fe;^^ 

, CLKO o^lz:, ;^x:/7'202 {cifev^T, i^ciiy^ . riu^c:* 

5. iJ'-r 5 ^/J^lt^^^ 104b yT" 204 {c*5V^T, Mf^i^EIS 

^*i^i02<Z)^A;^SEL}c V ^lrfc;/S:t, clki ^l:S#ilt'5. o#X ^^^^z 
:^207icjoV^T, i5'Dy^-7::ar^^iiS(DS3lf=^^tT,/<5'7r ioioenb 

20 105 ;^x2/^2io(e:*5VHT. ±IB^x->y209 T'a'J^^tt^aijjt^J'^ 5 > 

25 T. ±E;^rs^7° 210 xm^t^fzi^xiy!; . ;;^=^zL-^;fiEt, feS^^I-Tt 

{CjSVNT. J^Y^^-J^-^MM^^^IOB fi, ^ (5) Sfctt^ (6) lrt>U>T 
W^iJ'-f ^ViJ^ir^Jp^^-^y^CO^^^^^j^^. tfc, CLKO CLKl PpICO 

30 ^^106tt, ^ (7) ^\,h\^X^^%V'^^^(n>^^\,t^7^. %1t, ^Oy 



' y^^^~^mjEirZ:^y'^y^2l2\cm^X, MlE^^ 107 tt, ^ (8) 
211^C*JV^T, if'nj/jjr .7;dr^^H-|[^^106tt, >m\Z^^tX^ (7) ©ite 

jj'ff-^ cLKo v> • ^ yi^^m^t^, o#ic, $ y 

;^r5^7°305 C^3V^T. ^py^J^ft-^K^^ 102 (0»A;^sBLl;: "1" ^fe 
20 fc;t, CLKi^^#^-t5. otic. ^^$:/i?'«^?^i04a;i5, x^Ty^soefc 

#1;:, ^5^^ ^ Vi^^^Mi)^^^ 105 ;^xy7°308 (C:^3V^-C. ±IB;=^T5'7° 307 

25 T«$nfcM^^^ 5 yirt±m:^Tyy 306 t?ii^$tifcSJP^-r ^ y^ 

^Cj3V^T, ±IB;^X->7°304, 308 "^^^^ tX-^^^-t' * >'^^P^<^il^ ^-S Cl 

^{cj;!3 CLKO b CLKi Pfl©^n«7^ •;^=¥:x-^t>iae>;5. ^m^, 
1075)$, ;^^5/7'310tC*5V>T. ±fE:^X5/:/309 Taa^$ixfc^n5/i5' . 



5) ttcu^ (3 6) ih-h\^xwm^^^ ^y^^tm^^ ^yi^omm, -ffe 

fc-^, t^:^'rA' i^n-!/^ tWM^^^'y^f^<^^^=^~^^t^^. t.tz, clko 

1 CLKl ^(O^tiy^ • ;^^5L'-:§:^^i?)SXry7' 309 (CjoV^r, ^njAi?- • 

5 106 {% ^ (37) ^hh\^x^^ ^y^~mm(Dm^hb^^ 

. i^fc, ^-ay^ ' 7.i^^~^%-^-f^7.7'V'f2\2\Z.-^\^X, MjE^© 107 

. ^ (3 8) ik%h^-^X^riy^ '7.^^-^'^smmm(D^x%-E:f^. ttz 
(37) (omMW.^-htibX'^^w ^fc, ^J^ri^Dyi^(Oit};^]SBiidS/<^ 

^^jtto-S^Ty 7^302. 303, 306, 307 {4, H 2 9 ^C^1-M3S^)lffir'g#^^XL 
15 Jh'iBi? -f 5 104a, 104b f:i, 2 8 {C^-f^^-C H^-C 1 5 . 

02 8}*, ^mmj^m<D^y( ^ymt^^(Dm^(D-m^:^^Lx\,^^. 

20 tg«i^^^ 403 =-Twm^<omi'mm%h^^z.}i\z)^^ , ± 

iBA;^^ o y j}'ffi-^<^a®^y • 5 y^-k^L^mn'm^im^^ 404 

^. ^Cj;oT#fife^tlTV^5. ^fS^^m^^ 401 fi:, 1^30, 1^32. 1113 

^mz, :i^mmm<o^^ x y^m^^m 400 \.xm\^^ ^ y ^^m^ 
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404 y^^5'7"504tCi3VNT. V ^^T^ftfl^^^ 403 T?f|;^$tvy^i; -TIP 
10 ^^^r/^^^feS. orfw y-T&^I^*^^405{4. ;^7^y7'505 

V^T, mmW.nnm^^m 104: i% ^ (22) ^iih^^xmm:^yp • ^^^y 

M^ft-^^^lfft^f^^^-t^^xj^T" 501 {4, 133 1. EI3 
20 3 , H 3 5 }C^-t#|lRT-i3;i J'^ 5 CI i: ^^Tt § . 

25 AtjiB-^oi^^ ^y^ ' lyy^m^i^iitit^^^i^ ■ Dtyy^jy^^^^ 
}}^Tmmtnm^Lxmm.^m=^m^t^:^Ty'f 505 1, mmL^m 
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601 t , ^mMm^m^m SOl (OmtliS^'^ Hilbert LAtsm-^<D Hilbert 
raPI-f^. O^tC. Hilbert 602 ;^7^^y7'702 ICjBV^T, ^^SO 

Rl ^ Hiibert m^^mM L, /if *ifm^(Z)^ME'>^i^:-r § A;^ 

fif-iO Hilbert ^^^tr±fi£t-5. :t^t, ^^ffff-f-^^^^ 600 fi. T^r^/^ 

703 (c^cv^x, mi^mm^m^m6oi<Dmis^-^m^m^(ommm, Hubert 

^^^^ 702 LXihti t. :i!&a^|i7-f 5. 

^\m^m-mmmmmm^^ so3 1, KiL^xm^^fix^^i>. m^mmm 

^^^Wl 801 ^iiXim^WM.^^^ 803 \t, ^tl^tl FPT ^3 J; 1535^ pFT 

^\'^xmmLxii^\^\ tfz, ^mumimm^ 802 it, m^omm^m^^ 
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^■r-5^<-;'7r^^l' 1001 h, Ay77:^^\) looi J; t9^--f-*iFlfiI^t)£t|Lfc 
1005 <Dffi;^$rB#ra^:®(^jt^fc«^i-6li#FB^^i^^^^^ 1006 i:, ^©^P^ 

1007 h,Kt^xmwL^iv(:\^^.mmmmm^^ 1004 

*5cttJ5B#|BJ^^^^^#S 1006 fft fpt ^t>*>v^m^ t 

'C^)<tV\ 'Jfc, l^^^JUMS^S 1005 }i, ^f-cDiiiilri^^gSJ^i^M-C'tS 
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!y7'ii02 {^:*3V^r, /<->77;f^y 1001 ;5^P>t^$tlfc^t^©-^^:fe^} tat 
. ot't::, OTW^^^ 1003 y:/ ii03 {r^jv^x, ® m^ltfc-SB^ 

ic*sv^T, tMttl:^^$tifc^^^f^{c FPT %ilL.. ^B5^«<^{I^^mic 

1007 ft, ^^7^5'7'iios tcfcVNT, m^^^-htc^mmm<^m^i^^ 

r 5/ 7- 1103 T-*#tfc.^gii[Oi^»^^L, ^^®jlS^;h.fc:fi|;K^^B-§-^'bi:J6 
M^K, 5^7" 1109 {cfcv^T, /•<;s/7 7'^-=e!;{c:^s$ix"CV^?t£:V''x— ^ 

aiL^^ioo2:d?, T^T'yT'iiio {r*5V^T. ^<y7 7^^ y looi 
lHl]&!9aiLfc^)'^-|f5S1i^-e/i;5?b)ii?Sfe^?)tBtfc=S. y^^r^y iioa, ii04 
, 1105, 1106, 1107, 1108, 1109 tB'OML, ;^5.S^tlTl/^?'^l/^7^-^;JS^¥ 

ftU7^j;v^/^^^^, fea^ll-T1-6. ±f3;^7^s/7°iio5i3j:t>*^7^5'7°iio6f4. 



37 



if'J^Mt) tri^^iJf /Wi*{c^m-r§ AD mm^^ 1201a 1201b 

(digitizer), y'i^^/V > -^l^^V - ^'yuy^z:^-^^ 
o^lr, MOiJ' 13 -yj^ . >^:5r^-W^g 1200 ^^ffl tt^^fJ^OiJ' n 
AD ^Ife^g 1201a 1201b T-tCi i/(?:)S?|ff^<!rMSi^ 

iJ' y y T'^^ 1401a HiiiXJ^ 1401b Sr*itt6 ;i h ^m^X, j§l 2 5 fc^-fiJ' b y 

oti-. t-mo^ n-y^ ^ ^^^-ij^i^s 1400 k^m txw^^i^i^^ p 
' :^^z^-m^-)s^mm^m^m.^7T^\.x\^-^, z.(r>i;xiy^ ^y^^t^-m 

%1^m%, Wi5^ y y T'^S i40ia *3iu^ 1401b W^^^<n> m.^^-^^ 
*)^<:^ry:f 1501, 1502 %:^ii-rsr t-m^-c. m2 BKmi-t^y^mi^ 
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^"^(Di&m^mi^^^m^ L-tif D ^ a^-v^yyv y^'^mzmti-r Dimmit 

1800 tt, ^^^-rz-^-Y:^ (device under test, DUT) 1801 K^-^-^htzx. 
^^MW^^BU (automatic test equipment) 1802 ^^^f-^<4:^^^ 

^M^wuw 1802 ft. is^^x^^^ ;^ 1801 \^i^uy^ ^um^^mm-f^>^ 

^juy^J ^ '^^^-mt.^m. 1803 {CS2Wf^^«^1-'5. imi^X/WX 1801 

m ^yy^Wi:\^'^^im%\^\^. t1t, ^vy^':;^^=^^^^^^i802 
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Although the present invention has been described by way 
of exemplary embodiments, it shouldbeunderstoodthat many changes 
and substitutions may be made by those skilled in the art without 
departing from the spirit and the scope of the present invention 
which is defined only by the appended claims. 



